To address uncertainties in the prevention and management of influenza in people with asthma, we performed a scoping review of the published literature on influenza burden; current vaccine recommendations; vaccination coverage; immunogenicity, efficacy, effectiveness, and safety of influenza vaccines; and the benefits of antiviral drugs in people with asthma. We found significant variation in the reported rates of influenza detection in individuals with acute asthma exacerbations making it unclear to what degree influenza causes exacerbations of underlying asthma. The strongest evidence of an association was seen in studies of children. Countries in the European Union currently recommend influenza vaccination of adults with asthma; however, coverage varied between regions. Coverage was lower among children with asthma. Limited data suggest that good seroprotection and seroconversion can be achieved in both children and adults with asthma and that vaccination confers a
| INTRODUCTION
Asthma is a heterogeneous chronic inflammatory lung disease characterized by intermittent airflow obstruction and increased reactivity to bronchoconstrictive triggers. Presently, an estimated 300 million people worldwide suffer from asthma. 1 In Europe, more than 30 million people are affected, with 6 million suffering severe symptoms and 1.5 million life-threatening attacks. 2 Asthma onset and acute asthma exacerbations (AAEs) have been strongly associated with respiratory viral and (to a lesser extent) bacterial infections. [3] [4] [5] [6] [7] [8] [9] [10] [11] Influenza viruses cause respiratory infections, typically during winter months. Most significant disease is caused by influenza A and B, which may escape immune pressure by undergoing antigenic drift and recombination; such genetic changes lead to new subtypes, which can cause epidemic or pandemic outbreaks. 12, 13 Each year, influenza virus infection affects 5%-20% of the global population, 14 while annual vaccination greatly contributes to reduce related morbidity and mortality. 15 Upon vaccination, coordinated activity of innate and adaptive immune responses leads to generation of shortand long-lived antibody-producing plasma cells and memory B cells.
The importance of influenza as a cause of serious illness and AAE is increasingly appreciated. 16, 17 Despite uncertainties about their effectiveness, influenza vaccines are widely recommended for those with asthma. 18 To address uncertainties over the prevention and management of influenza in patients with asthma, we performed a scoping review and discuss the current knowledge of the burden imposed by influenza on patients with asthma; current vaccine recommendations and vaccination coverage in various regions; the evidence regarding immunogenicity, efficacy, effectiveness, and safety of influenza vaccines; and the possible benefits of antiviral drugs in patients with asthma. We conclude by identifying knowledge gaps and future research needs in relation to influenza in asthma patients.
| ME TH ODS
We systematically searched relevant published, unpublished, and inprogress original research and systematic reviews that were pertinent to the subject matter of this EAACI Task Force. This involved searching databases of peer-reviewed published literature (Cochrane Library, EMBASE and CINAHL, MEDLINE, and Google Scholar) and research in progress (ie, http://www.controlled-trials.com/and http:// www.clinicaltrials.gov/) for the period 2000-2015. In addition, we wrote to a panel of international experts in an attempt to identify additional unpublished or in-progress work. There were no restrictions on language of publication.
We were particularly interested in randomized controlled trials (RCTs) on questions relating to the immunogenicity, efficacy, and/or effectiveness of influenza vaccine among patients with asthma, and epidemiological studies relating to the influenza incidence/prevalence and public health burden and safety of influenza vaccine. Systematic reviews with or without meta-analysis were of interest if they focused on any of the questions of interest.
The searches (see Appendix S1) were undertaken and allocated to relevant subgroup leads depending on the focus of the inquiry.
Where possible, studies reported in languages other than English were translated. Within subgroups, 2 reviewers independently reviewed the titles and if necessary abstracts of potentially eligible studies to decide on eligibility; disagreements on study eligibility were resolved through discussion among the reviewers. Studies were then-in the specific context of asthma/allergy-categorized by interpreted by experts on the subject matter. Any disagreements on issues to do with interpretation were resolved through discussion.
The searches were first conducted in 2014 and then updated in October 2015. The key characteristics and findings of all eligible studies were summarized in data tables and the findings narratively synthesized. These are presented by topic in Table 1 .
| GLOBAL BURD EN OF INFLUENZA IN
PATIENTS WITH ASTHMA
| Influenza-attributable healthcare utilization in asthma patients
Asthma is the most common underlying disease in patients with influenza admitted to healthcare facilities, both in adults [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] (7. 6%-46% 34, 35 ) and in children 26, [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] (8.3%-42% 48, 49 ). Children with asthma accounted for a significantly larger proportion of those As reported in the original article.
hospitalized with pandemic H1N1 than with seasonal influenza. 24, [50] [51] [52] [53] Asthma was also the most common comorbidity among pregnant women hospitalized with H1N1 infection, with a prevalence ranging from 8% to 33%. [54] [55] [56] [57] Asthma represented a risk factor for hospitalization during influenza seasons in the general population, 58 with an OR of 2.6 (95% CI 1.6-4.0) in 2 Canadian studies, 59 ,60 and a relative risk (RR) of 4.47 (95% CI 1.49-13.39) in Israel. 61 The same applied to children, 47, 62, 63 where asthma conferred a 4-fold risk of hospitalization (the United States, 64 Germany, 41 and Argentina 65 ), with a 21-fold risk observed in South Korea. 66 Interestingly, influenza-related hospitalization costs in children with asthma may be lower than in children with other chronic conditions and were very close to costs in children without comorbidity. 67 Asthma patients seemed to have a higher risk of being admitted to the intensive care unit (ICU) or to have a more severe disease course when hospitalized for influenza, 26 71 Severe disease was especially common in those developing pneumonia, 33 but did not seem to be related to the severity of underlying asthma. 51 In a multivariate analysis of H1N1 pediatric patients, asthma was associated with increased mortality in ICU-admitted children and adolescents (OR 1.34, P = .05). 68 However, a retrospective analysis performed in the UK on 1,520 patients showed that patients adults with asthma found influenza rates of 24.0%, 18.3%, and 2.0%, respectively, in AAEs. 74 Thus, the validity of studies that applied conventional influenza identification techniques such as cytopathic effect in cell culture followed by indirect immunofluorescence to confirm viral presence 75 is questionable. Among hospitalized adults with asthma patients, rates of influenza-induced AAE were reported at 10.0%, 76 19.0%, 77 20.7%, 78 and as high as 37.9%. 73 Available data on influenza-associated AAE among children vary considerably. For outpatient visits, 3 studies did not detect any influenza-positive samples, 75, 79, 80 while several groups identified influenza infection as the cause of AAE, with most reporting rates of influenza-positive samples between 2.4% and 15.5%. 63, [81] [82] [83] [84] A recent study showed an accentuated propensity for loss of asthma control when children were infected with pH1N1 (38%) compared with other common respiratory virus infections. 85 Among children with asthma hospitalized for severe AAE, 3 studies reported an influenzaassociated burden of 2.6%, 82 3.4%, 86 and 3.7% 63 of AAEs. In summary, there were significant inter-and intragroup variations in the reported influenza-induced AAE burden among children and adults with asthma, with fewer studies on adults.
Various factors compromise the interpretation of the available data. First, the use of different diagnostic methods for influenza detection may significantly influence the study outcome. The advent of molecular techniques and their universal use may solve this issue.
Second, the absence of harmonized criteria for appropriate inclusion of patients and the lack of a standardized definition and diagnosis of influenza infection disallow direct comparison of results and complicate the identification of relevant studies. Third, the lack of large cohorts of patients with asthma studied for influenza-induced AAE raises questions about the validity of the currently available findings.
Furthermore, seasonal rather than perennial influenza testing and selective testing only in hospitalized AAE cases could lead to inaccurate estimation of the actual contribution of influenza to AAEs.
| CURRENT INFLUENZA VACCINE RECOMMENDATIONS AND COVERAGE FOR PEOPLE WITH ASTHMA
In common with most economically developed nations (Figure 1 ), all 28 countries of the European Union currently recommend influenza vaccination of people with chronic respiratory disease, including asthma. [87] [88] [89] Trivalent (TIV) and quadrivalent inactivated split-virus influenza vaccines are available, with TIV being the most widely used throughout the EU. An intradermal vaccine is also available, and more recently, a quadrivalent live attenuated intranasal vaccine (LAIV) was approved for use in the UK in children aged 2-18 years. 88, 90 However, vaccine uptake for clinical risk groups varied from 31%
in Portugal to 82% in Northern Ireland, 88, 91 as did influenza vaccination coverage of adults with asthma, with 30%-50% in Spain [92] [93] [94] [95] and 40% in the UK. 96 Self-reported uptake of seasonal influenza vaccine among adults with asthma in the United States varied from 54% in the community to 71% in secondary care. 97 Children with asthma had significantly lower coverage rates of approximately 18%-20% in Spain, 93, 98 15% in France, 99 and 2.5%-20% in Italy, across multiple seasons. 91 In comparison, in the United States vaccination coverage reached around 50% in adults and children. 96, 107, 108 Reports of low effectiveness probably also contributed to poor uptake. 18, 113, 114 Healthcare worker endorsement of vaccination was highly predictive of adherence. 109, 110, 112 A survey of 1225 US allergists suggested that 85% of these offered influenza vaccinations to adults and children. Younger allergists (<45 years) were more likely to offer vaccination, especially to children. 115 Pediatricians were more likely than family physicians to routinely recommend influenza vaccination to children with asthma (adjusted OR 3.49, 95% CI 1.68-7.22), with decisions also being made depending on asthma phenotype (ie, intermittent vs. persistent).
116
The success of vaccination programs was affected by complex factors such as the nature of healthcare provision (eg, free care or insurance-based), education levels, and cultural acceptance of the vaccine. Therefore, national health surveys with information on vaccination status linked with medical and socio-demographic details (such as that of Spain with data spanning more than 2 decades [92] [93] [94] [95] 117 ) can aid in assessing the impact of influenza vaccination, at population level.
Simple interventions such as allowing for year-round scheduling of appointments for vaccination can be effective. 118 Nevertheless, it is likely that only major policy shifts will lead to significantly higher vaccination rates, due to more clear and consistent messaging about the importance and acceptability of influenza vaccination to patients and healthcare workers alike. This is illustrated by the increase in influenza vaccination uptake among children with asthma from 36% regardless of risk. 100 With its favorable safety and cost-benefit profile, 18, 119, 120 there is a need for health campaigns to raise awareness among the public and clinicians of the benefits of influenza vaccination and to improve implementation of guidelines. We identified limited data on influenza vaccine immunogenicity in asthma. Only 1 study of TIV in children aged 0.5-3 years compared healthy controls to recurrent wheezers. It found good and similar seroconversion and seroprotection rates to all 3 vaccine strains (H1N1, H3N2, and B) in both groups (after 1 month), with higher 125 No significant difference in the frequency of upper respiratory tract infections (URTIs) or AAE rate was found between vaccinated and nonvaccinated participants; however, this study had significant limitations (see Table 1 ). In a larger randomized, doubleblind, placebo-controlled trial from the Netherlands 81 in 6-to 18-year-old children with asthma, TIV had no significant effect on the number, severity, or duration of AAEs caused by confirmed influenza infection, or on the respiratory symptoms recorded; however, it moderately improved quality of life during the weeks of influenzapositive illness. 126 In contrast, a conference abstract 127 reported significantly lower AAE rates in children <5 years with asthma following TIV (13%) compared with placebo (53%).
For LAIV, we found no efficacy data in asthma compared to nonvaccination. A large European multicenter, randomized, open-label trial compared intranasal cold-adapted LAIV to intramuscular TIV in children and adolescents aged 6-17 years with asthma and reported a 34.7% reduction in culture-confirmed influenza illness after LAIV. 128 A reanalysis of efficacy data from 2 randomized, multinational trials 129, 130 comparing LAIV to TIV demonstrated that 2-to 5-year-old children with mild-to-moderate asthma or prior wheezing receiving LAIV had fewer cases of culture-confirmed influenza illness than TIV recipients. Influenza vaccination may be less effective than expected due to differences between the characteristics of patients vaccinated in the general population and those recruited into efficacy trials. Furthermore, the influenza vaccine may not contain the prevalent virus strain, and vaccine coverage may be suboptimal.
There are limited data on the effectiveness of influenza vaccination in patients with asthma or high-risk populations that included asthma. Six studies assessed the effectiveness of seasonal influenza vaccines, while 1 other studied the H1N1 pandemic vaccine. 132 In children, 2 retrospective cohort studies found that influenza vaccination was associated with a reduction in the rate of asthma exacerbations 133 and fewer acute respiratory problems (only in those <6 years of age). 134 A survey found that vaccination in children with asthma was associated with less use of rescue prednisolone, 135 while a nested case-control study suggested that influenza vaccination was associated with fewer acute general practice visits for respiratory problems in children with long-term conditions. 136 However, another case-control study suggested that vaccination was associated with an increased risk of unscheduled attendance for asthma care. 137 In this study, the cases and controls were poorly balanced in terms of ethnicity and likelihood of vaccination in previous years. Although an adjusted analysis was undertaken, this may not have taken into account all the differences between the groups.
Only 1 study focused on adults with asthma. 132 In this study, the both TIV and LAIV. 131, [140] [141] [142] In these studies, vaccinated patients did not have more frequent asthma exacerbations than unvaccinated patients, and no other adverse event was more common in patients with asthma. A study of adult asthma patients who reported bronchospasm after influenza vaccination indicated that these symptoms
were not related to vaccine hypersensitivity. 143 A common concern is the safety of egg-derived influenza vaccines in patients with egg allergy, a frequent comorbidity in children should not be used in children with egg allergy and/or asthma. surveillance has revealed bronchospasm and worsening of lung function in a few cases when asthma patients were treated with zanamivir inhalation. 161 Therefore, the manufacturer does now not recommend zanamivir for patients with chronic respiratory disease, including asthma. 157, 158 Oseltamivir was not associated with any significant respiratory adverse effects and is recommended for treatment and chemoprophylaxis of influenza in children and adults with high-risk chronic conditions, including asthma. [162] [163] [164] However, largescale telephone surveys in the United States showed that having asthma, in contrast to diabetes, was not associated with increased rates of antiviral treatment of influenza cases. 165 Data on the efficacy of NI in asthma patients 162, [166] [167] [168] are limited. A benefit of oseltamivir treatment was found in children in an RCT that showed significantly improved pulmonary function and fewer AAEs. 168 A meta-analysis, based on a single RCT, reported improved FEV1 after oral oseltamivir given to children with asthma and influenza infection, but no effects on peak flow or AAEs. 169 Two recent systematic reviews found that oseltamivir relieved influenza symptoms in otherwise healthy children, but had no effect on children with asthma who have influenza-like illness, 170,171 a finding that is currently controversial.
As high rates of resistance limit the effectiveness of the currently available antiviral drugs, new NI (laninamivir, peramivir) and an RNAdependent RNA polymerase inhibitor (favipiravir) are currently undergoing clinical trials. 172 Laninamivir showed similar efficacy and safety to oseltamivir in the treatment of influenza in asthma patients. 173 
| CONCLUSIONS
We observed significant variation in the reported rates of influenza detection among AAE episodes in both children and adults, with higher rates observed in the latter age group. This may be attributed to major differences in inclusion criteria, disease definitions, virus The limited immunogenicity data suggest that good seroprotection and seroconversion can be achieved in children and adults with asthma. However, higher vaccine doses may be required in elderly patients. Available studies suggest increased efficacy of LAIV in reducing influenza illness in children/adolescents with asthma compared to TIV, but do not provide evidence of efficacy of TIV in reducing influenza illness in patients with asthma concurring with a recent systematic review. 18 There are some limited data to suggest that influenza vaccination reduces asthma-related morbidity in children in real-life settings, as has been concluded in another recent systematic review. 139 The only data to suggest that vaccination may have a beneficial impact in adults with asthma are from studies of patients with long-term or high-risk conditions, not just asthma. The effectiveness outcomes of these studies are difficult to interpret due to lack of an agreed definition for asthma and/or influenza, and insufficient information on the type of vaccination used. Lack of randomization is also a limitation, as differences in the characteristics of those who do and do not receive the vaccine, such as disease severity and socioeconomic status, may independently impact on the likelihood of asthma morbidity, and analyses may not control for all these differences. Despite these limitations, population-based effectiveness studies are the only way to assess the impact of vaccination in real-life healthcare settings.
Inactivated influenza vaccines appear to be safe for people with asthma, and, provided they have low egg protein content (≤1.2 lg/mL), also for those with egg allergy. LAIV is also safe in asthma and egg allergy with the exception of severe or acutely exacerbated asthma, where LAIV cannot be given. Oseltamivir is the NI that is currently used in asthma. Although it has moderately beneficial effects on influenza illness in healthy people, there are insufficient data to determine its efficacy and effectiveness in people with asthma. However, novel NIs are currently in development.
| RE COMMENDATION S AND FUTURE NEED S
• People with asthma are at high risk of more severe forms of influenza, with increased hospitalization and admission at healthcare facilities, therefore:
• Education campaigns for both the general population and healthcare providers are needed to promote an increase in annual influenza vaccination, early case recognition, and consideration of early empirical antiviral therapy, and to reduce influenza-attributable healthcare utilization among patients with asthma.
• Large cohort and case-control studies using standardized definitions (for AAE), sensitive influenza detection methods, such as PCR, and comprehensive assessment of respiratory pathogens are necessary in both children and adults with asthma.
• There is a need to develop more internationally coordinated registries, for example, for Europe, that accurately collate vaccination status along with medical and socio-demographic details to assess the impact of public health interventions over time.
• Multiple sources of data must be used to record vaccination status (eg, self-reported as well as medical notes, vaccination card, or billing data).
• Targeted vaccination of children and at-risk groups is needed.
• Further studies of influenza vaccine immunogenicity, comparing healthy and asthmatic populations, are required to determine whether people with asthma have normal influenza vaccine responses or whether they require influenza vaccines with enhanced immunogenicity. The discovery and development of improved immune correlates of protection against influenza will enable more meaningful testing of vaccine immunogenicity.
• In view of the uncertainty around the degree of protection that influenza vaccination affords in people of all ages with asthma, further efficacy data need to be collected in this population. Data should be stratified by age and asthma severity, using adequately powered, randomized, placebo-controlled trials that compare both TIV and LAIV to nonvaccinated controls.
• Further studies are needed to evaluate the effectiveness of influenza vaccination in patients with asthma, but must be designed to minimize any risk of bias.
• Safety data in asthma with and without egg allergy are required for new influenza vaccines and, depending on egg protein content, for new LAIV batches.
• There is a need to collect more safety data on zanamivir in patients with chronic respiratory disease, and efficacy data on oseltamivir in children with asthma.
• Development and testing of new anti-influenza drugs among patients with asthma is needed.
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